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(57) Abstract 

The peptide a-mclanocyte stimulating homione (a-MSH) is found in banicr organs such as gut and skuL The anti-tnflammatory I 
properties of the peptide make it useful for treating inflammation in human and vcterinaiy disordets. It has been found that this peptide, 
and other peptides derived from a-MSH. possess antimicrobial activity against Staphylococcus aureus and Candida albicans. These a-MSH 
peptides exhibited antimicrobial effects over a broad concentration range, including the physiological (picomolar)range. Of particular I 
interest arc those peptides that include the amino acid sequence KPV, or those including the sequence MEHFRWG. Peptides having the 
most potent antimicrobial activity were those bearing the C-terminal amino acid sequence of a-MSH. Anti-inflammatory agents based 
on a-^SH peptides, widi enhanced antimicrobial activity, would minimize die risk of further infection diat is generally associated widi 
treatments using coticosteroids or other nonsteroidal anti-inflammatary drags. 
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^is ^IMlPROBIAL AMtNtn ACID SE( >IIFNrPjS DERIVED FROM 
Al PHA.MELANnrVTR.STIMl)I.ATINGH0 RMOy<E 

TECHNICAL FIELD 

The present invention relates to new pharmaceutical compositions useful as antimicrobial 
agents, includingjorexamplejoruseinrcducing the viability of mk»>bes.reducing^^ 
of yeasts, kilUngmicrobeswithoutreducingthekillingofmicrobesbyhumanneuttophilsJ^^ 
inflammation in which there is microbial infection without reducing microbial kilUng. and for 
increasing the accumulation of cAMP in microbes. More particularly, this invention relates to 
antimicrobial agents including amino acid sequences derived from alpha-melanocyte-stimulating 
hormone (a-MSH) and biologically functional equivalents thereof. 
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BACKGROUND OF THE INVENTION 

Mucosal secretions, phagocytes, and other components of the nonspecific (innate) host 
defense system initiate the response to microbial penetration before time-consuming adaptive 
immunity starts. Survival of plants and invertebrates, which lack adaptive immunity, illustrates 
effectiveness of host defense based on such innate mechanisms. 

Endogenous antimicrobial peptides are significant in epithelia. the barrier to environmental 
challenge that provides the first line of defense against patiiogens. Production of natural 
antimicrobial peptides by phagocytes has been recognized for a long time. These natural 
antimicrobial peptides generally have a broad spectnrai of activity against bacteria, fungi, and 
viruses. Martin, E., Ganz. T., Lehrer, R.I., rtefensins and Other Endogenous Peptide Antibiotics of 
vp f^i^hrates. /. Uukoc, Biol. 58, 128-136 (1995); Ganz. T., Weiss. J.. Antimicrobial Peptides of 
pf.^P»r Ytp.s and Epithelia. Sem. HenuUol. 34, 343-354 (1997). 

The search for antimicrobial peptides, however, has been painfully difficult and slow. Arare 
and difficultfind has been bactericidal/pbrmeability-incteasing protein ("BPr"), which has been used 
successfully to treat children with severe meningococcal sepsis. Giroir, B.P.. Quint. P.A., Barton, P., 
Kirsh. E.A., Kitchen. L.. Goldstein, B., Nelson. BJ.. Wedel, N.I., Carrol. S.F., Scannon, P.J.. 
p^ ^ij ffiptirv Evaluatinn of Recomhinant A minn-terminal Fragment of Human 
p,,>.f,r irirfa1/PeTTneabiKtv-increasingProtei n inriiildrenwithSeveieMeningOCPCCftlgpps^^ 

350,1439-1443 (1997). 

It would be an important advance in the science to identify the most active amino acid 
sequences responsible for broad spectnim antimicrobial activity, which would alsobe useful in new 
prophylactic and therapeutic antimicrobial treatments. 
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SUMMARY OF INVENTION 

According to the approach of the invention, the existence of homologs of vertebrate 
antimicrobial peptides in invertebrates suggests that such peptides are ancestral components of the 
host defense system. Some of these peptides, or dieir synthetic homologs. might be suggested for 
5 use as therapeutic agents for controlling microbes. 

Alpha-melanocyte-stimulating hormone ("a-MSH") is an ancient 1 3 amino acid peptide 
producedbypost-translationalprocessingofthelargerprecursormoleculeproopiomelanocortinand 

shares the 1-13 amino acid sequence with adrenocorticotropic hormone ("ACTH"). Eberie. A. N., 
'nt ,| V^ f..lanotroDins . Karger. Basel, Switzerland (1988). a-MSH is known to be secreted by many 
10 cell types including pituitary cells, monocytes, melanocytes, and keratinocytes. Upton, J. M.. 
Catania, A.. Anti-inflammato rY Influence of thft Neuroimmunomodulator a-MSH, Immunol Today 
18. 140-145 (1997). a-MSH occurs in Oie skin of rate and in die human epidermis. Thody, A.J.. 
Ridley. K.. Penny, R.J., Chalmers. R.. Rsher. C. Shuster, S.. MSB Peptides Aye Prei^pm in 
MommalianSkin. Peptides 4, 813-816 (1983). a-MSH is also found in the mucosal barrier of the 
15 gastrointestinal tract in intact and hypophysectomized rats. Fox. J.A.E.T., Kraicer, J.. 
t^^^^P ^.^.«rriv^a . M'-t""'v-v^«'-StimulatingHormone.itsDif?tTi 

jp^3^nT^^ Yr '^ phv«P.rmmi7^Rats. Life.5cL28 We recentiy found that human 

duodenal ceUs produce a-MSH in culture. Catania et al., unpublished. The presence in barrier 
organs of this ancient peptide, relatively invariant in amino acid sequence over approximately 300 
20 million years, suggests that it may have a role in die nonspecific (innate) host defense system. 

a-Melanocyte-stimulating hormone is known tohavepotent antipyretic and anti-inflammatory 
properties. Pr*"" . Anrip Y»-.ricandA n ti-inflammatQrvLvsProValCompositiPns^ndMetbpd 
gfiiss, U.S. Patent No. 5,028.592. issued July 2, 199 1 . which is incorporated herein by reference in 
its entirety; Upton. J.M.. Anripvretic and A nti-inflammatorv Lvs Pro Val Compositions and Mediod 
25 oOIse. U.S. Patent No. 5,157.023. October 20, 1992. which is incorporated herein by reference in its 
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entirety; Catania, A.. Upton. J. M., p-Melanncvte Stimularine Hormone m ftg Modulaqpn of Hogt 
ggggjjaas. Endocr Rev. 14. 564-576 (1993); Upton, J. M.. Catania. A.. Anti-inflammatorY Influence 
^^jj ^o,.,niinm.mnmndulator a-MSH. Immunol. Today 18. 140-145 (1997). a=MSH reduces 
production of proinflammatory mediators by host cells in vUro. Rajora. N.. Ceriani. G., Catania. A.. 
Star. R.A.. Murphy. M. T.. Upton. I. M.. n-MS" Production. Receptors, and Influence on 
^^^j ^ in » Human Monocvte/i« «t^phage Cell Une. /. Uukoc. Biol. 59. 248-253 (1996); Star. 
R.A. Rajora. N.. Huang, J., Stock, R.C., Catania. A., Upton. J. M., Evidence of AutocnnP 
|^/i..^,.^ ^rion of Macrophage Nitric Oxide S ynthase bv a-MSH. Proc. Natl. Acad. Set. (USA) 92, 
801 6-8020 (1995). a-MSH also reduces production of local and systemic reactions in animal models 
of inflammation. Upton. J. M., Ceriani, G.. Macaluso. A.. McCoy, D., Cames, K., Biltt, J., Catania. 

Ar^i-inflammatnrv Effects of the Neuropep tide a-MSH in Acute. Chronic, and Systemic 
yTTfifl mmarion. Ann. N. Y. Acad. ScL 741, 137-148 (1994); Rajora, N.. Boccoli. G.. Bums, D., 
Sharma. S., Catania, A., Upton, J.M., »-M.SH Modulates Local and Circulating Tumor Necrosis 
T;^^ fn Fffr"""""'' Inflammation. J. Neuro^L 17. 2181-2186 (1997). The "core" a- 
MSH sequence (4-10) has learning and memory behavioral effects but little antipyretic and anti- 
inflammatory activity. Upton, J. M., Catania, A.. An^j-^Pflj^mm^tery faflwncf Of l^e 
^...rnimmunomodulator a-MSH . Immunol. Today 18, 140-145 (1997). The active message 
sequence for these antipyretic and anti-inflammatory activities resides in the C-terminal amino acid 
sequence of a-MSH, tfiat is, lysine-proline-valine ("Lys-Pro-Val" or "KPV"), which has activities in 
vitro and in vivo that parallel those of die parent molecule. Richards, D.B., Upton, J .M., j^fesLfif 
„ m«;H ri 1-13^ .vsine-nroliPft-vaHnet on F ev*^ in the Rabbit Peptides 5. 815-817 (1984); Hiltz, 
M. E., Upton, J.M., Anti-inflammat o rv Activity ofaCOOH-terminal Fragment of theNeuTopeptide 
^JMSH. FASEB J. 3, 2282-2284 (1989). These peptides are known to have extreiiiely low toxicity. 
Upton, J.M., Catania, A., Anri-inflammatorv Influen ce of die Neuroimmunomodulator a-MSH. 
Immunol Today 18. 140-145 (1997). 
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Melanocordn peptides, including o-MSH. ACTH, and other amino acid sequences derived 
from a-MSH or ACTH. have heretofore not been studied for potential antimicrobial activity, and 
diere has been no suggestion that melanocortin peptides would have such activity. 

According to the invention,iihas been determined diata-MSHandcertain other amino acid 

sequei»cesderivedfroma-MSHhavesignificantantimictobialuses.includingforexampleJor 
reducing the viability of microbes, reducing the germination of yeasts, killing microbes without 
reducing the killing of microbes by human neutrophils, for treating inflammation in which there is 
microbialinfectionwithoutreducingmicrobialkimng.andincreasingtheaccumulationofcAMPin 

microbes. 

According to a broad aspect of the invention, the antimicrobial agent is selected from die 
group consisting of one or more peptides including the C-terminal amino acid sequence of a-MSH, 
diatis, KPV, one ormore peptides including the amino acid sequence MEHFRWG, or abiologically 
functional equivalent of any of the foregoing. 

According to one aspect of the invention, tht antimicrobial agent is selected from the group 
consisting of one or more peptides includingiheC-terminal amino acid sequenceofa-MSH, diatis. 

KPV.orabiologicallyfunctionalequivalentofanyof the foregoing. The KPV sequence is the amino 
acid sequence a-MSH (1 1-13). This type of ^mtimicrobial agent includes a dimer of die amino acid 
sequence KPV, such as VPKCX^KPV. 

According to a fimher aspect of die invention, the antimicrobial agent is selected from the 
gfoup consisting of one or liiore peptides including the amino acid sequence HFRWGKPV or a 
biologicallyfimctional equivalentof any oftfie foregoing. The HFRWGKPV sequence is die amino 

acid sequence a-MSH (6-13). 

According to a still fiirtiier aspect of die invention, the antimicrobial agent is selected from 
the group consisting of one or more peptides including the amino acid sequence 
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SYSMEHFRWGKPV or a biologically functional equivalent of any of the foregoing. The 
SYSMEHFRWGKPV sequence is the entire amino acid sequence of a-MSH (1-13). 

Accordingtoyetanotheraspectoftheinvention.theantimicrobialagentisselec^ 

group consisting of one or more peptides including the amino acid sequence MEHFRWG or a 
biologically functional equivalentofanyoftheforegoing. TheMEHFRWG sequence is sometimes 
referred to as the "core" amino acid sequence of o-MSH. that is. a-MSH (4-10). 

With these aspects of the invention, it is believed tiiat the shorter amino acid sequences tend 
u,be rnore effective. Prefcrably.theantimicrobialagentisfurther select 

of one or more peptides having an amino acid chain length of up to thirteen. Still more preferably, 
the antimicrobial agent is further selected fbm the group consisting of one ormorepeptideshavin^ 

an amino acid chain length of up to eight. Based on the experimental results obtained thus far. the 

tripeptide KPV is the most effective. 

According to the invention, an effective concentration of the antimicrobial agent is at least 
10-« molar, and more preferably the concentiiition of the antimicrobial agent is at least 10^ molar. 

Itisfullyexpectedthatthesepeptides. which haveextiemelylowtoxicity.wiUbeeffectivem 

animal and human subjects without adverse effect. 

These and other aspects of tiie invention will be apparent to those persons skilled in the art 
upon reading the foUowihg description of the experimental evidences and discussion. 
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BRIEF DESCRIPTION OF THE DRAWING 

The accompanyihg figures of the drawing are incorporated into and form a part of the 
specification to provide illustrative examplesofthepreseminvention and to explain the principlesof 
the invention. The figures of the drawingare only for purposes ofillustratingprefened and alternate 
embodiments of how the invention can be made and used. It is to be understood, of course, that the 
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drawing is intended to represent and illustrate the concepts of the invention. The figures of the 
drawing aie not to be construed as limiting the invention to only the illustrated and described 
examples. Various advantages and features of the present invention will be apparent from a 
consideration of the vmtten specification and Ae accompanying figures of the drawing wherein: 

Rgure I shows the effect of a-MSH (1-13). a-MSH (11-13). and the "KPV dimer" on S. 
aureus colony forming units ("CPU") compared to controls. All three molecules significantly 
decreased S. aureus colony forming units ovct a broad range of peptide concentrations. 

Figure 2 shows that treatment with urokinase increases S. aureus colony formation, but that 
the addition of a-MSH (1-13) or (1 1-13) significanUy inhibited this uroldnase-enhancing effect. 
■•■ptaO.OOl vs urokinase alone. 

Figure 3 shows the effect of a-MSH (1-13). a-MSH (11-13), and the "KPV dimer" on C. 
albicans colony forming units ("CFU") compared to controls. All thre6 molecules significandy 
decreased C. albicans colony forming units over a broad range of peptide concentrations. 

Figure 4 shows a comparison of candidacidal activity of certain melanocortin peptides and 
fluconazole (all 10"*M). Themosteffectiveofthemelanocortin peptides weredioseincludingdieC- 
terminal amino acid sequence of a-MSH, for example, a-MSH (1-13), a-MSH (6-13), and a-MSH 
(11-13)- 

Figure 5A shows untreated germination of C. albicans, i.e. blastospores. 

Figure SB shows horse serum-induced gemunation of C. albicans. 

Figure 5C shows' the effect of a-MSH (1-13) treatment on germination of C. albicans. 

Figure 5D shows the effect of a-MSH (U-13) treatment on germination of C. albicans. 

Rgure 6 shows the effect of o-MSH (1-13) and o-MSH (1 1-13) on C. albicans killing by 
human neutrophils. Values are expressed as percent increase in killing vs medium alone. Scores are 
means +,S^. 
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Figure 7 shows theeffect of a-MSH (1-13). a-MSH (1 1-13). and forskolin on cAMP content 
of C. albicans. 

Figure 8 shows the inhibitory effect of o-MSH (1-13). a-MSH (11-13), and forskolin on C. 
albicans colony forming units. 

DETAILED DESCRIPTION OF THE INVENTION 
I. Materials and Methods 

Peptides 

The peptides used in this research included: a-MSH (1-13), (4-10), (6-13). and (11-13), all 
of which were N-acetylated and C-amidated, and ACIH (1-39) and (18-39) (CUP). Another 
peptide used in this research included a dimer of the amino acid sequence KPV, specificaUy 
VPKCCKPV, which also was N-acetylated and C-amidated (the "KPV dimei"). The KPV dimer 
be chemicidly represented as NHi-Lys-Pro-Val-AcCys-CysAc-Vai-Pro-Lys-NHj. The peptides 
prepared by solid-phase peptide synthesis and purified by reviersed-phase high performance 
liquid chromatography, as kindly provided by Dr. Renato Longhi, CNR, Milano. 

Organism and culture conditions 

S. aureus (ATCC 29213) and C. albicans (clinical isolate) were obtained from the collection 
of the Department of Microbiology. Ospedale Maggiore di MUano. C. albicans were maintained on 
Sabourand'sagar slants and periodically transferred to Sabouraud'sagarplatesandincubated for 48 

hours at 28"C. To prepare stationary growth phase yeast, a colony was taken from the agar plate and 
transferred into 30 ml Sabouraud-dextrose broth and incubated for 72 hours at 32°C. Cells were 
centrifiiged at 1000 x g for 10 minutes and the pellet was washed twice with distilled water. CeUs 
were counted andsuspendedinHank'sbalancedsaltsolutionC'HBSS") to the desiredconcentration. 

Viability, determined by the exclusion of 0.01 % methylene blue, remained > 98%. 

-8- 



can 
were 



WO00/59S27 PCT/USOO/06917 
Trial of melanocortin peptides on S. aureus viability 

S. aureus (IxlOVml in HBSS) was incubated in the presence or absence of a-MSH (1-13), 
a-MSH (1 1-13), or the "KPV dimer" at concentrations in the range of 10 " to 10"*M for 2 hours at 
37"C, Cells were then washed in cold distilled water and diluted with HBSS to a concentration of 
1 00 organisms/ml. One ml aliquots were dispensed on blood agar plates and incubated for 24 hours 
at ZT'C. Organism viability was estimated from the number of colonies formed. 

In experiments on S. aureus we detennined the influence of a-MSH on urokinase-induced 
growth-enhancement. Hart, D.A., Louie, T.. Krulikl, W., Reno, C. ffmhyUfmcHS A^r^ Stmxm 

Strai ns Arp Predominantly Nonresoonsive to the Gr nwth-enhancing Effects of Urokinase, Can. J. 
Microbiol. 42, 1024-31 (1966). S. aureus (10' / 100 ml) were incubated for 4 hours at 37 ''C with 
recombinant human urokinase 500 U (Lepetit, Milan. Italy) in a shakmg water bath, in the presence 
absence of a-MSH (1-13) or (1 1-13) lO"* M. Appropriate dilutions of 5. aureus were dispensed 
1 agar plates and colonies counted after 24 hours incubation at ST'C. 
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Trial of melanocortin peptides on C. albicans viability 

C. albicans (IxlO'/ml in HBSS) was incubated in tiie presence or absence of a-MSH (1-1 3), 
a-MSH (11-13). or die "KPV dimer" at concentrations in the range of 10 " to lO^^M for 2 hours at 
37°C. Cells were then washed in cold distilled water and diluted with HBSS to a concentration of 

100 organisms/ml. One ml aliquots were dispensed on blood agar plates and incubated for 48 hours 

at 37°C. Organism viability was estimated from the numbra- of colonies formed. 

in subsequent experiments using similar procedures we compared activity of a-MSH (4-10), 

(6-13), (11-13). ACTH (1-39). (18-39). and fluconazole, the latter being a known antifungal agent. 

Melanocortin peptides and fluconazole were tested in concentrations of lO"* to 10-*M. There were at 

least six replicates for each concentration of peptide. 
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Trial of a-MSH peptides on C otfrtcan^ germination 

C. albicans from stationary phase cultures were washed twice with distilled water and 
suspended in HBSS to a final concentration of 2 x lO'/ml. Hyphai growth was inducedby addition 
of 10% inactivated horse senun (GIBCX)/BRL. Paisley. Great Britain) to yeast incubated for 45 
minutes at 37»C with continuous shaking. Horse serum was removed by washing cells twice with 
HBSS and incubation was continued for 60 minutes at ZTC in die presence of a-MSH (1-13). (6- 
13), or (1 1-13) at a concentration of 10^ M with continuous shaking. The percentage of filamentous 
cells was evaluated under a light microscope with the aid of a hemocytometer. Experiments were 
run in triplicate and at least 200 cells were scored. Photomicrographs were taken with a MClOO 
camera attached to an Axioskop Zeiss microscope. 

Trial of o-MSH peptides on C. albicans kilUng by human neutrophils 

Venous blood (20 ml) from healthy volunteers was anticoagulated with heparin. Neutrophils 
were isolated using dextran sedimentation and RcoU-Hypaque (Sigma Chemical Co., St. Louis, 
Missouri. USA) centrifugation. Erythrocytes were lysed via hypotonic shock. Neutrophils 
represented at least 97% of the cell suspension. Cell viability, estimated by trypan blue exclusion, 
was > 98%. Neutrophils were suspended to final concentration in HBSS. 

C. albicans (1x10*) were opsonized witii human AB swum in a shaking water bath for 30 
minutes at 37°C. Organisms were then incubated with neutrophils in presence of medium alone or 
medium with a-MSH (1-13) or a-MSH (11-13) in concentrations of 10 " to 10^ M in a shaking 
water bath for 2 hours at 37'"C. After incubation, tiie culture ttibes were placed on ice to stop growth 
and exa:acellular organisms were washed twice with centrifugation at 1000 x g at 4'C. A 2.5% 
sodium desoxycholate solution was added to the suspension and die tubes were shaken for 5 min. 
Cold distilled water was added to obtain a suspension of 10' cells/ml. Two 1/100 serial dilution in 
HBSS viert made to obtain a final suspension of 100 cells/ml. Aliquots of 1 ml were dispensed on 
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blood agar plates and incubated for 48 hours at 37°C. Colony forming units ("CFU") were counted 
attheend of the incubation period. Experiments were run in triplicate andrepeated usingbloodfirom 
5 cfifferent donors. 

Trial of a-MSH peptides on cAMP accumulation 

C. albicans (10*/ml). permeabilized with toluene/ethanol, were incubated at 3TC with 
continuous shaking in the presence of lO"* M a-MSH (1-13). (1 1-13). forskolin. an agent known to 
increase intracellular cAMP. or in medium alone. The reaction was stopped after 3 minutes by the 
addition of ice cold ethanol. cAMP was measured in duplicate using a commercial enzynae 
immunoassay (EIA) kit (Amersham. United Kingdom) after extraction via the liquid-phase method 
according to manufacturer's instructions. The effect of forskolin (10^ M) on C. albicans colony 
formation was determined using the same procedures as for a-MSH peptides. 

Statistical analysis 

One-way analysis of variance and Student's t test were used to analyze the data. Probability 
values ^.05 were considered significant. 

II. Results 

a-MSH Peptides inhibited S. aureus colony formation 

a-MSH peptides (1-13) and (1 1-13) inhibited S. aureus colony formation (Rg. 1), A dimer 
of die amino acid sequence KPV. specifically. NHi-Lys-Pro-Val-AcCys-CysAc-Val-Pro-Lys-NH^. 
(the "KPV dimer") also inhibited S. aureus colony formation (Fig. 1). The inhibitory effect occurred 
over a wide range of concentrations and was significant (p<0.0 1) witii peptide concentrations of 10" 
tolO-*M. 
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Treatment with urokinase increased S. aureus colony formation and ad^tion of a-MSH (1- 
13) or (1 1-13) at concentrations oflQ-* M significantly inhibited the enhancing efBect of urokinase 
(Fig. 2). 

a-MSH Peptides inhibited C. albicans colony formation 

C. albicans colony forming units ("CFU") were gready reduced by a-MSH (1-13) and (1 1- 
13) (Fig. 3)- A dimer of the amino acid sequence KPV, specifically. KPVCCVPK (the "KPV 
dimer") also inhibited C. albicans colony formation (Rg. 3). Concentrations of all three peptides 
from 10 " to 10"* M had significant inhibitory influences on CFU (p<0.01 vs control). 

In experiments comparing the relative potency of lO^* M melanocortin peptides in reducing 
C albicans viability. a-MSH (11-13). (6-13), and (1-13) were the most effective (Rg.4). Their 
inhibitory activity was similar to that of equimolar fluconazole. The "core" a-MSH sequence (4-10), 
which has behavioral effects but little anti-inflammatory activity, caused approximately 50% 
inhibition of CFU. Although this inhibitory effect was substantial (p<0.01 vs control), it was 
significantiy less than thkt caused by a-MSH fragments bearing the KPV signal sequence, i.e., a- 
MSH (6-13) and (1 1-13) (p<0.01), or the parent molecule a-MSH (1-13) (p<0.05). ACTH (1-39) 
and the ACTH fragment (18-39) did not reduce C. albicans viability (Fig.4). Even higher 
concentrations of these ACTH peptides (up to 10"* M) were likewise ineffective in reducing C. 
albicans CFU (results not shown in the flgures). 

a*MSH peptides reduced C. albicans germination 

Coincubation of C. albicans with a-MSH (1-13) or (11-13) inhibited germ tube fonnation 
induced by horee serum (Figs. 5A-D). o-MSH (1-13) caused 28-32% reduction in the number of 
filamentous cells; the tripeptide inhibited germination by 54-58%. The octapeptide a-MSH (6-13) 
had similar activity (approximately 50% inhibition) (not shovm). 
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a-MSH peptides enhanced C. albicans killing by human neutrophils 

a-MSH (1-13) and (11-13) enhanced killing of C. albicans by human neutrophils when 
administeredinconcentrationsof 10 "to 10-*(p<0.01)(Fig.6). Therefore, enhanced killing occurred 
over a very broad range of concentrations including piconiolar concentrations, i.e., the (quantity of a- 
MSH found in human plasma. Catania. A.. Airaghi. L.. Garofalo, L.. Cutuli. M., Upton. J M., Bis 
|v|p..^p pftpride a-MSH in AIDS and Other Co ndirions in Humans. Ann. N. Y. Acad. Sd. 840. 848-856 

(1998). 

a-MSH peptides increased cAMP accumulation 

Becausemanyoftfieeffectsofa-MSHarekhowntobeme(tiatedbyinductionofcAMP, we 

measured effects of a-MSH peptides on cAMP accumulation in C albicans. a-MSH (1-13) and 
(11-13) enhanced cAMP content in the yeast (Rg.7). The increase was of the same order of 
magnitude as that induced by equimolar forskolin. an adenylate cyclase activator (Rgs. 7). To 
determine whether increases in cAMP could be responsible for reduction in CPU, we tested the 
effects of forskolin on C. albicans viability. Results showed that 10* M forskoUn markedly inhibited 
C. aM>tcanjCFU relative tocontrol(p<0.01). Theinhibitory effect was similar to that exerted by a- 
MSH peptides (Rg. 8). 
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in. Discussion 

Antimicrobial agents against the viability of microbes 

The results show that a-MSH (1-13), its C-terminal tripeptide sequence a-MSH (1 1-13), and 
other a-MSH fragments have significant antimicrobial effects against at least two major pathogens: S. 
aureus and C albicans. The most effective of the a-MSH peptides were those including the C- 
terminal amino acid sequence KPV of the a-MSH sequence, i.e., a-MSH (1-13), (6-13), and (1 1- 
13). A dimer of the amino acid sequence KPV, specifically, VPKCCKPV (referred to herein as the 
"KPV dimer") has also been shown to be at least as effective as a-MSH (1 1-13) against microbes. 
The a-MSH "core" sequence (4-10), which is known to influence learning and memory, but has little 
antipyretic and anti-inflammatory influence, was effective, but less so. The ACTH peptides (1-39) 
and (18-39) did not have significant candidacidal effects. These observations indicate that 
antimicrobial activity is not conmion to all melanocortin peptides, but rather that it is specific to a- 
MSH amino acid sequences, and most particularly to the C-terminal amino-acid sequences of a- 
MSH. 

The antimicrobial effects of these a-MSH peptides occurred over a very broad range of 
concentrations, including picomolar concentrations that normally occur in human plasma. Catania, 
A., Airaghi, L., Garofalo, L., Cutuli, M., Lipton, J.M., The Neuropeptide a-MSH in AIDS and Other 
nr.r.A'tt\nn& in Humans. Ann. M Y. Acad. ScL 840, 848-856 (1998). This suggests that endogenous 
a-MSH has a physiological role in natural immunity. 

Therefore, these a-MSH peptides arc expected to be useful as a broad prophylactic against 
microbial infection and in the treatment of human and veterinary disorders resulting from microbial 
invasion. Further, these peptides that likewise have anti-inflammatory activity could be used to treat 
cases in which both inflammation and microbial invasion coexist, or where the aim is to prevent their 
coexistence or development. 
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Antimicrobial agents against germination of yeasts 

Yeasts can be major pathogens. For example. C. albicans is the leading cause of invasive 
ftingal disease in ptematurc infants, diabetics, surgical patients, and patients with human immunode- 
ficiency virus infection or other immunosuppressed conditions. Despite appropriate therapy, death 
resulting from systemic C. albicans infection in immunocompromised patients is substantial. 
Wenzel, R.P.. Pfaller, MA., Candida Specip fi Fmergine Hospital Bloodstream PathoRen^. Infect. 
Control Hosp. Epidemiol 12, 523-4(199l);Cartledge. J.D.. Midgley,J.,Gazzard.B.G.,eiiBi£all3i 
cjj^; f...nt Azole. rrn.s-resistance in P.ndida rsolatf-s fipom HIV-Positive Patients w>th Orrf 
r«^ f!idosis .A/P511. 1839-44(1997). The padwgenesis of Co/feicorw infection involves adhesion 
to host epithelial and endothelial cells and morphologic switching of yeast cells from the ellipsoid 
blastosporetovariousfilamentousforms:genntubes,pseudohyphae,andhyphae. Gow.N.A..Qenn 
j..^. r ^wth of r WfAi Albicam. Curr. Topics Med. Mycol 8. 43-55 (1997). It is therefore 
important d»at a-MSH (1-13) and its C-tertninal tripeptide (1 1-13) not only reduce the viabiUty of 
yeast, but also reduce germination of yeast. 

Antimicrobial and anti-inflammation effects witiiout reducing kilUng by human neutrophils 

Reduced killing of pathogens is a dire consequence of therapy with corticosteroids and 
nonsteroidal anti-inflammatory drugs during infection. Stevens, D.L., (^\M WmmmM APtl- 
j^^oT», |.«rnn^ Drugs (NSAmo Enhanc P Pmnression of Bacterial Infections to Tom Shqc|c 
S3Qid!2!QgL Clin. Infect. Dis. 21, 977-80 (1997); Capsoni. F.. Meroni, P.L., Zocchi. M.R.. Plebani. 
^t^^ M F ^f/^tnf^x>rticoste^oi d snnNeutroDhi^F^nction!Inhibitionof Antibody-dependent 

r^^n-mediated r ytotoxicitv rADCO. /. Immunopharmacol 5,217-30(1983). This effect could be 
particularly dangerous in the immunocompromised host 

a-MSH has potent anti-inflammatory influences in models of acute, chronic, and systemic 
inflammation. Its wide spectrum of activity and low toxicity suggest that a-MSH is useful for 
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treatment of inflammation in human and veterinary disorders. It was, therefore, important to learn the 

influence of a-MSH peptides on C. albicans killing by phagocytes. This is especially important 

because a-MSH is known to inhibit neutrophil chemotaxis. Catania, A., Rajora N., Capsoni* F., 

Minonzio, F., Star, R.A., Upton, J.M., The Neuropeptide a-MSH Has Specific Receptors on 

Mpntro phils and Reduces Chemotaxis in Vitro . Peptides 17, 675-679 (1996). In the absence of trial, 

it could have been expected to reduce killing by human neutrophils, despite the direct antimicrobial 

effect. Results of the present research indicate that a-MSH peptides do not reduce killing but rather 

enhance it, likely as a consequence of the direct candidacidal effect Therefore, anti-inflammatory 

agents such as a-MSH peptides that have antimicrobial effects are expected to be very useful in 

clinical practice. 

Theoretical discussion and cAMP accumulation 

An important question concerns how a-MSH peptides exert dieir antimicrobial effects and 
whether they operate like other natural antimicrobial agents. 

It is known that a-MSH shares a number of similarities with other natural antimicrobial 
peptides such as the defensins or the cadielicidins: 

1) it is produced in mammals but also in primitive organisms that lack ad^tiye immunity. 
Eberle, A. N.. The Melanotropins. Karger, Basel. Switzerland (1988). 

2) like known antimicrobial peptides, its precursor molecule proopiomelanocortin (POMC) is 
expressed in phagocytes and epithelia and post-translational proteolytic processing is required to 
convert it to active a-MSH. Rajora, N., Ceriani, G., Catania. A., Star, R.A., Murphy, M. T., Lipton, 
J. M.» g-MSH Production. Receptors, and Influence on Neopterin, in a Human 
Mnnncvte/macrophage Cell Une. J. Uukoc, Biol 59, 248-253 (1996); Luger, T.A., Schauer, E., 
Trautinger, F., Krutmann, J., Ansel. L, Schwarz, A., Schwartz. T., Prod^criDK^ of 
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jm^ ^.p^cn ^messing Melanotrooip c hy Human Karatinocvtes. Ann. N.Y. Acad. Sci. 680, 567-570 
(1993): 

3) it is a cationic pq)tide: and 

4) it has antimicrobial influences against at least two disparate pathogens, a yeast and a 
bacterium. In addition. o-MSH inhibits HIV-1 replication in acutely and chronically infected 
monocytes. BarceUini. W., La Maestra. L., Clerici, G.. Upton. J. M.. Catania, A.. lohifeta 
y„fj^^,. |^^^>: of (t-MSH Peptide s nn Hiv-1 ExDfp-ssion in Monocytic CeU$ . 12th World AIDS 
Conference, Geneva. June 28-JuIy 3, 1998. These findings indicate that a-MSH has the broad 
spectrum of activity of other innate antimicrobial substances. 

The mechanism of action of natural antimicrobial agents is only partly understood. Most of 
these peptides, including the defensins, alter membrane permeability and impair internal homeostasis 
of the organism. The first contact is made between the cationic groups of the peptide and the 
negatively charged head oif die targetmembrane. Then, the tertiary structure deteimincs the mode of 
insertion of the peptide into membranes where they form ion channels or pores that disrupt cell 
integrity. It is known that cAMP-enhancing agents inhibit mRNA and protein synthesis in C. 
albicans. Bhattacharya, A., Datta, A.. Fffect of Cvcli r AMP on RNA and Protein Synthesis in 
Albicans. Biochem. Biophys. Res. Commun. 77:1483-44 (1977). 

In the present experiments it is shown that o-MSH induces cAMP accumulation in C. 
albicans and also AatthecAMP-inducing agentforskolin inhibited colony formation. Withoutbeing 
limited by this theoretical explanation, it may be that the antimicrobial effect was caused by 
enhancement of this mediator. 

Biologically functional equivalents 

As used herein, abiological functional equivalent is defined as an amino acidsequence thatis 
functionally equivalent in terms of biological activity. 

-17- 



wo 00/59527 PCT/USOO/06917 

Although the specific amino acid sequences described here are effective, it is clear to those 
familiar vnth the art that amino acids can be substituted in the amino acid sequence or deleted 
without altering the effectiveness of the peptides. Further, it is known that stabilization of the a- 
MSH sequence can greatly increase the activity of the peptide and that substitution of D- amino acid 
forms for L-forms can improve or decrease the effectiveness of peptides. For example, a stable 
analog of a-MSH ,[NleM)-Phe^l- a-MSH, which is known to have marked biological activity on 
melanocytes and melanoma cells, is approximately 10 times more potent than the parent peptide in 
reducing fever. w^^Awn^n M anr^ T iprnn, J M Antipyretic Activity of a Potent g-MSH Analog. 
Peptides 6, 273-5 (1985). Furdier. adding amino acids to the C-terminal a-MSH (11-13) sequence 
can reduce or enhance antipyretic potency (Deeter, L.B., Martin. L.W., Lipton, J.M., Antipyretic 
Pr.. p^rHes of Centrallv Administered g-MSH Fragmen ts in the Rabbit Peptides 9,1285-8 (1989). 
. Addition of glycine to form the 10-13 sequence slightly decreased potency ; the 9-13 sequence was 
almost devoid of activity, whereas the potency of the 8-13 sequence was greater than that of the 1 1- 
13 sequence. It is known that Ac-[D-K"]- a-MSH IMS-NHihas the same general potency as the 
Inform of the tripeptide a-MSH 11-13, Hiltz, M,E., Catania, A., Lipton, J.M., Anti-inflammatory 
AnMvit Y of a-MSH n 1-13^ Analogs: Influences of Alterations in St ereochemistry. Peptides 12. 767- 
7 1 , (199 1 ). However, substitution with D-proline in position 12 of the tripeptide rendered it inactive. 
Substitution with the D-form of valine in position 13 or with the D-form of lysine at position 1 1 plus 
the D-form of valine at position 1 3 resulted in greater anti-inflanMnatory activity than with the L-form 
tripeptide. These examples indicate that alterations in the amino acid characteristics of the peptides 
can influence activity of the peptides or have litde effect, depending upon the nature of the 
manipulation. 

It is also believed that biological functional equivalents may be obtained by substitution of 
amino acids having similar hydropathic values. Thus, for example, isoleucine and leucine, which 
have a hydropathic index +4.5 and +3.8, respectively, can be substituted for valine, which has a 
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hydropathic index of +4.2, and still obtain aprotein having like biological activity. Alternatively, at 
the other end of the scale, lysine (-3.9) canbesubstitutedforarginine (-4.5), and so on. In general, it 
is believed that amino acids can be successfully substituted where such amino acid has a hydropathic 
score of within about +/- 1 hydropathic index unit of the replaced amino acid. 
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Having described the invention, what is claimed is: 

1 . A method for reducing the viability of microbes comprising exposing the microbes to 
an antimicrobial agent selected from the group consisting of one or more peptides including the 
amino acid sequence KPV, one or more peptides including the amino acid sequence MEHFRWG. or 
a biologically functional equivalent of any of die foregoing. 

2. A method according to Claim 1 , wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV or a biologically 
functional equivalent of any of the foregoing. 

3 . A method according to Claim 2, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV. 

4. A method according to Claim 3, wherein the entire amino acid sequence of the 
antimicrobial agent is KPV. 

5 . A method according to Claim I , wherein the antimicrobial agent is selected from die 
group consisting of one or more peptides including the amino acid sequence HFRWGKPV or a 
biologically functional equivalent of any of the foregoing. 

6. A method according to Claim 4, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including tiie amino acid sequence HFRWGKPV. 

7. A method according to Claim 5, wherein the entire amino acid sequence of die 
antimicrobial agent is HFRWGKPV. 
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8. A method according to Qaim 1 , wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence S YSMEHFRWGKPV 
or a biologically functional equivalent of any of the foregoing. 

9. A method according to Claim 7, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence S YSMEHFRWGKPV. 

10. A method according to Claim 8, wherein the entire amino acid sequence of the 
antimicrobial agent is S YSMEHFRWGKPV. 

11. A method according to Claim 1 , wherein the antimicrobial agent is selected from the 
group consisting of one 'or more peptides including the amino acid sequence MEHFRWG or a 
biologically functional equivalent of any of the foregoing, 

12. A method according to Claim 1 1 » wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence MEHFRWG. 

13. A method according to Claim 11, wherein the entire amino acid sequence of the 
antimicrobial agent is MEHE^WG. 

14. A method according to Claim 1 , wherein the antimicrobial agent excludes naturally 
occurring a-MSH. 
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1 5. A method according to Claim 1 . wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain length of up to 
thirteen. 

16. A method according to Qaim 1 5, wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain lengd> of up to eight. 

17. A method according to Qaim I, wherein the antimicrobial agent is N-acetylated and 
C-amidated. 

18. A method according to Claim 1, wherein the concentiration of die antimicrobial agent 
is at least 10 " molar. 

19. A method according to Claim 18, wherein die concentration of the antimicrobial 
agent is at least 10'' molar. 

20. A method according to Claim 1, wherein Ae microbes include Staphylococcus 
aureus or Candida albicans. 

21 . A method for reducing die germination of yeast comprising exposing die yeast to an 
antimicrobial agent selected from the group consisting of one or more peptides including the amino 
acid sequence KPV or a biologically functional equivalent of any of die foregoing. 
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22. A method acconiing to Claim 2 1 , wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino add sequence KPV or abiologicaily 
functional equivalent of any of the foregoing. 

23. Amethodaccordingtoaaim22,whereiniheantimicrobialagentisselectedfromthe 
group consisting of one or more peptides including the amino acid sequence KPV. 

24. A method according to Claim 23, wherein the entire amino acid sequence of the 
antimicrobial agent is KPV. 

25. AmethodaccordingtoClaim21,whereintheantimicrobialagpntisselectedfiromthe 
group consisting of one or more peptides including the amino acid sequence HFRWGKPV or a 
biologically fiinctional equivalent of any of the foregoing. 

26. A method according to Claim 25, wherein die antimicrobial agent is selectedfrom the 
group consisting of one or more peptides including the amino acid sequence HFRWGKPV. 

27. A method according to Claim 26, wherdn Ae entire amino acid sequence of the 
antimicrobial agent is HFRWGKPV. 

28. Amethod according to Claim 21, wherein the antimicrobial agentis selectedfrom the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV 
or a biologically fimctioiial equivalent of any of the foregoing. 
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29 A method according to Claim 28 . wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV. 

30. A method according to Claim 29, wherein the entire amino acid sequence of the 
antimicrobial agent is SYSMEHFRWGKPV. 

31. A method according to Claim 2 1 , wherein the antimicrobial agent excludes naturally 
occurring a-MSH. 

32. A mediod according to Qaim 21 , wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain length of up to 
thirteen. 

33. A method according to Claim 32, wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain length of up to eight 

34. A method according to Claim 2 1 , wherein the antimicrobial agentis N-acetylated and 
C-amidated. 

35. A method according to Claim 21, wherein the concentration of the antimicrobial 
agent is at least 10 " molar. 

36. A method according to Claim 35, wherein the concentration of the antimicrobial 
agent is at least 10* molar. 
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37. A method according to Claim 21, wherein the yeasts include Candida albicans. 



38 . A method for killing microbes without reducing the killing of microbes by human 
neutrophils comprising exposing the microbes to an antimicrobial agent selected from the group 
consisting of one or more peptides including the amino acid sequence KPV or a biologically 
functional equivalent of any of the foregoing. 

39. A method according to Claim 38, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV or abiologically 
functional equivalent of any of the foregoing. 

40. A method according to Claim 39, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV. 

41. A method according to Claim 40, wherein the entire amino acid sequence of the 
antimicrobial agent is KPV. 

42. A method according to Claim 38, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV 
or a biologically functional equivalent of any of the foregoing. 

43 . A method according to Claim 42, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV. 
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44. A method according to Claim 43, wherein the entire amino acid sequence of the 

antimicrobial agent is SYSMEHFRWGKPV. 

45. A method according to Claim 33, wherein the antimicrobial agent excludes naturally 
occurring a-MSH. 

46. A method according to Claim 38. wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain length of up to 
diirteen. 

47 . A method according to Claim 38, wherein the antimicrobi al agent is N-acetylated and 
C-amidated. 

48. A method according to Claim 38, wherein the concentration of the antimicrobial 
agent is at least 10 *^ molar. 

49. A method according to Claim 48, wherein the concentration of the antimicrobial 
agent is at least 1 0^ molar. 

50. A method according to Claim 38, wherein the microbes include Candida albicans. 

51. A method for treating inflammation in which there is microbial infection without 
reducing microbial killing comprising exposing the microbes to an antimicrobial agent selected from 
the group consisting of one or more peptides including the amino acid sequence KPV or a 
biologically functional equivalent of any of the foregoing. 
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52. A method according to Claim 5 1 . wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV or a biologically 
functional equivalent of any of die foregoing. 

53 . A method according to Claum 52, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV. 

54. A method according to Claim 53, wherein the entire amino acid sequence of the 
antimicrobial agent is KPV. 

55 . A method according to Claim 5 1 . wherein die antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV 
or a biologically functional equivalent of any of the foregoing. 

56. A method according to Claim 55 , wherein die antimicrobial agent is selected from the 
group consisting of one or more peptides including die anuno acid sequence SYSMEHFRWGKPV. 

57. A method according to Claim 56, wherein die entire amino acid sequence of the 
antimicrobial agent is SYSMEHFRWGKPV. 

58. A method according to Claim 5 1 , wherein the antimicrobial agent excludes naturally 
occurring a-MSH. 
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59. A method according to Claim 5 1 , wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain length of up to 
thirteen. 

60. A method according to Claim 5 1 , wherein the antimicrobial agent is N-acetylated and 
C-amidated 

61. A method according to Claim SI, wherein the concentration of the antimicrobial 
agent is at least 10 " molar. 

62. A method according to Claim 61, wherein die concentration of the antimicrobial 
agent is at least 10*^ molar. 

63. A method according to Cl^m 5 1 , wherein the microbes include Candida albicans, 

64. A metiiod for increasing the accumulation of c AMP in microbes comprising exposing 
the microbes to an antimicrobial agent selected from the group consisting of one or more peptides 
including Uie amino acid sequence KPV or a biologically functional equivalent of any of the 
foregoing. 

65 . A method according to Claim 64, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence KPV or a biologically 
functional equivalent of any of the foregoing. 
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66. A method according to Claim 65, wherein the antimicrobial agent is selected from the 

eroup consisting of one or more peptides including the amino acid sequence KPV. 



67. A method according to Claim 66, wherein the entire anuno acid sequence of the 
antimicrobial agent is KPV. 

68. Amethodaccording toClaim64, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV 
or a biologically functional equivalent of any of the foregoing. 

69. A method according to Claim 68, wherein the antimicrobial agent is selected from the 
group consisting of one or more peptides including the amino acid sequence SYSMEHFRWGKPV. 

70. A method according to Claim 69, wherein the entire amino acid sequence of the 
antimicrobial agent is SYSMEHFRWGKPV. 

71. A method according to Claim 64, wherein the antimicrobial agent excludes naturally 
occurring a-MSH. 

72. A method according to Claim 64» wherein the antimicrobial agent is further selected 
from the group consisting of one or more peptides having an amino acid chain length of up to 
thirteen. 

73. A method according to Claim 64, wherein the antimicrobial agent is N-acetylated and 
C-amidated. 
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74. A method according to Claim 64. wherein the concentration of the antimicrobial 
ag^nt is at least 10'^" molar. 



75. A method according to Claim 74, wherein the concentration of the antimicrobial 
agent is at least 10"^ molar. 

76. A method according to Claim 64, wherein the microbes include Candida albicans. 

77. An antimicrobial agent selected from the group consisting of one or more peptides 
including the amino acid sequence KPV, one or more peptides including the amino acid sequence 
MEHFRWG, or a biologically functional equivalent of any of the foregoing. 

78. An antimicrobial agent according to Claim 77, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence KPV 
or a biologically functional equivalent of of the foregoing. 

79. An antimicrobial agent according to Claim 78, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence KPV. 

80. An antimicrobial agent accoiding lo Claim 78, wherein ttie entire amino acid 
sequence of the antimicrobial agent is KPV. 

81. An antimicrobial agent actording to Claim 77, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence 
HFRWGKPV or a biologically functional equivalent of any of die foregoing. 
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82. An antimicrobial agent according to Claim 81, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence 
HFRWGKPV. 

83. An antimicrobial agent according to Claim 82, wherein the entire amino acid 
sequence of the antimicrobial agent is HFRWGKPV. 

84. An antimicrobial agent according to Claim 77, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence 
SYSMEHFRWGKPV or a biologically functional equivalent of any of the foregoing. 

85. An antimicrobial agent according to Claim 84, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence 
SYSMEHFRWGKPV. 

86. An antimicrobial agent according to Claim 85, wherein the entire amino acid 
sequence of the antimicrobial agent is SYSMEHFRWGKPV. 

87. An antimicrobial agent according to Claim 77, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence 
MEHFRWG or a biologically functional equivalent of any of the foregoing. 

88. An antimicrobial agent according to Claim 87, wherein the antimicrobial agent is 
selected from the group consisting of one or more peptides including the amino acid sequence 
MEHFRWG. 
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88. An antimicrobial agent according to Claim 88, wherein the entire amino acid 

sequence of the antimicrobial agent is MEHFRWG. 

89. An antimicrobial agent according to Clwrn 77, wherein the antimicrobial agent 
excludes naturally occurring a-MSH. 

90. An antimicrobial agent according to Claim 77, wherein the antimicrobial agent is 
further selected from the group consisting of one or more peptides having an amino acid chain lengtii 
of up to thirteen. 

91. An antimicrobial agent according to Claim 90, wherein the antimicrobial agent is 
further selected from the. group consisting of one or more peptides having an amino acid chain lengtii 
of up to eight. 

92. An antimicrobial agent according to Claim 77, wherein the antimicrobial agent is N- 
acetylated and C-amidated. 

93. An antimicrobial agent according to Claim 77, wherein the concentration of the 
antimicrobial agent is at least 10'^^ molar. 

94. An antimicrobial agent according to Claim 93, wherein the concentration of the 
antimicrobial agent is at least 10*^ molar. 

95. An antimicrobial agent according to Claim 77, wherein the antimicrobial agent is 
effective against microbes including Staphylococcus aureus or Candida albicans. 
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